Fejervarya has yet to be established. Morphological characters in this genus are generally unsuitable for species identification. To carry out molecular species identification and solve phylogenetic problems, we collected 67 Fejervarya specimens from 12 Asian countries and sequenced part of the mitochondrial (mt) Cytb gene. We also sequenced the mt 12S and 16S rRNA genes and seven nuclear genes (BDNF, CXCR4, NCX1, RAG-1, RAG-2, Rhod, and Tyr) for 25 Fejervarya taxa. These molecular markers appear to be adequate for the identification of species. We subjected the molecular data molecular to phylogenetic analyses. In the resulting trees, topotypic F. limnocharis and "F. multistriata" (from China) formed a clade. On the other hand, neither "F. limnocharis" from the Japan mainland nor "F. limnocharis" from eastern Taiwan formed a clade with the real F. limnocharis, and the genetic divergences were larger than the species threshold for frog taxa proposed in previous studies (> 3% for 16S). These results may suggest that "F. multistriata" is a junior synonym of F. limnocharis, or that only some of the populations now recognized as "F. multistriata" correspond to F. limnocharis. Our results also suggest that several cryptic species may be included among the widely distributed Fejervarya species. Finally, our datasets support paraphyly for the genus Fejervarya, although alternative phylogenetic topologies, including Fejervarya monophyly, were not rejected by KH and SH tests.
INTRODUCTION
The anuran genus Fejervarya is widely distributed in Asia (Frost, 1985) ; 34 nominal Fejervarya species are currently known (Frost, 2009) . Despite the many morphological and molecular studies conducted (e.g., Stuart et al., 2006; Djong et al., 2007a; Matsui et al., 2007) , a consensus on the taxonomic system and phylogenetic relationships related to this genus is far from established. The open controversies have two principal causes. First, the monophyletic nature of this genus is problematic. Frost et al. (2006) showed the nested grouping of Fejervarya and several other genera (Hoplobatrachus, Euphlyctis, Nannophrys, and Sphaerotheca), and Kotaki et al. (2008) suggested paraphyly for this genus. Second, accurate identification of Fejervarya species is difficult for the following reasons. 1) About half of the 34 Fejervarya species were described in the 19th century and early 20th century (Frost, 2009) , and access to type specimens is difficult. 2) In some cases, only poor morphological diagnoses are available. For some Fejervarya groups (e.g., the Fejervarya limnocharis complex), there are very few diagnostic morphological features. 3) Several cryptic species have been found from Fejervarya populations formerly recognized as single nominal species (Dubois, 1975; Toda et al., 1998; Veith et al., 2001; Sumida et al., 2007; Islam et al., 2008a Islam et al., , 2008b , and there is a chance that many undescribed cryptic species will be found in certain Asian areas, where detailed surveys of the herpetological fauna have yet to be performed (Kuramoto et al., 2007) . Several other Fejervarya species besides F. limnocharis also seem to be confusingly named, and erroneous identifications have been occasionally found (see the Discussion). Some of the errors were discovered from ecological and morphological studies (e.g., Dubois, 1975; Matsui et al., 2007) . In the majority of cases, however, cryptic species and erroneous identifications were initially recognized through molecular markers (Toda et al., 1998; Veith et al., 2001; Kurabayashi et al., 2005; Djong et al., 2007a; Kuramoto et al., 2007; Sumida et al., 2007; Islam et al., 2008a) . Thus, phylogenetic analyses with more abundant molecular data, the accumulation of sequence data from nominal species, and species surveys with specimens from many localities would be good approaches to clear up these problems.
In this study, we collected 67 Fejervarya specimens from 12 Asian countries and surveyed genetic divergences among and within populations by determining partial mito- Kotaki et al. (2008) chondrial (mt) cytochrome b gene (Cytb) sequences from the samples. Cytb, with relatively fast nucleotide substitution rates, has been used as a population-or genus-level molecular marker in dicroglossid frogs, including several Fejervarya taxa (e.g., Dojong et al., 2007b; Alam et al., 2008; Islam et al., 2008b) . We also determined nucleotide sequences for parts of mt 12S and 16S ribosomal RNA genes (12S and 16S) from 25 Fejervarya representatives consisting of 15 nominal and 10 unidentified species, for use in molecular species identification and species-genus level molecular phylogenetic analyses. Although the mt COX1 gene is generally used as a "species tag" in DNA barcoding (Hebert et al., 2003a, b; Hebert et al., 2004a, b) , Vences et al. (2005a, b) suggested that this gene has several basic problems as a species tag for amphibians. Alternatively, Vences et al. (2005a, b) considered 16S to be a suitable molecular tag for amphibian species, and previous research has demonstrated the utility of this gene in phylogenetic analyses and molecular species identification (Bossuyt et al., 2006; Fouquet et al., 2007; Alam et al., 2008; Vieites et al., 2009 ). Finally, adding to the mt genes, we sequenced from the 25 Fejervarya taxa seven additional nuclear genes having relatively slow nucleotide substitution rates (e.g., Hoegg et al., 2004) , and tried to elucidate higher level (intra-and intergeneric) relationships for the genus Fejervarya.
MATERIAL AND METHODS

Specimens
Sixty-seven Fejervarya specimens from 40 localities in 12 countries were used in this study (Fig. 1 ). Among them, 37 specimens were identified to species (although our results suggested that some specimens may have been cryptic species or incorrectly identified; see the sections below), and the other 30 specimens could not be identified due to either the small size of the tissue samples or morphological characteristics that failed to match other nominal species (Table 1) . We also included six dicroglossid species from closely related genera, i.e., Euphlyctis cyanophlyctis, Hoplobatrachus tigerinus, Sphaerotheca dobsoni, Limnonectes laticeps, Occidozyga lima, and Occidozyga sp.
PCR and sequencing
Total genomic DNA for PCR was extracted from muscle tissues by using a DNA extraction kit (DNeasy Tissue Kit, QIA-GEN) according to the manufacturer's protocol. The amplification primers we used are listed in Table  2 . First, part of the Cytb (approximately 650 bp) was amplified and directly sequenced from all 68 Fejervarya specimens and the six species in other genera. PCR mixtures were prepared with an Ex-Taq Kit (TaKaRa) according to the manufacturer's protocol. DNA sequencing was performed with an automated sequencer (ABI 3100, ABI). Next, we amplified and sequenced parts of the 12S and 16S rRNA genes (approx. 400 and 600 bp long, respectively) and seven nuclear genes: brainderived neurotrophic factor (BDNF, approx. 700 bp), chemokine receptor 4 (CXCR4, approx. 600 bp), Na + /Ca 2+ exchanger (NCX1, approx. 800 bp), tyrosinase (Tyr, approx. 700 bp), rhodopsin (Rhod, approx. 400bp), recombination activating gene 2 (RAG-2, approx. 1.2 kbp), and 5' and 3' partitions of recombination activating gene 1 (5' and 3' RAG-1, approx. 1 kbp and 900 bp) from 25 Fejervarya representatives (including 23 specimens with Cytb haplotypes and two F. multistriata specimens) and six other dicroglossids ( Table 1) . The procedures for amplifying and sequencing these genes were the same as for Cytb. RAG-2 could not be amplified from F. cancrivora, "F. limnocharis" from Orchard Island, F. orissaensis, F. cf. syhadrensis from Sri Lanka, and F. sp. hp4. The nucleotide sequences determined in this study were deposited in the nucleotide sequence database (accession nos. AB488811-AB489067, AB490160, and AB500218-AB500268) ( Table 1 ). Failing to amplify RAG-2 from F. cancrivora, "F. limnocharis" from Orchard Island, F. orissaensis, F. cf. syhadrensis from Sri Lanka, and F. sp. hp4, we treated these unamplified regions as missing data in the following phylogenetic analyses.
Phylogenetic analyses
The resultant Cytb sequences from the 67 Fejervarya and six other discoglossids were aligned by using ClustalW (Thompson et al., 1994) . The resultant alignment matrix contained 535 nucleotide sites. Based on the alignment data, a NJ tree was reconstructed with PAUP4.10b (Swofford, 2002) , using the GTR + G + I substitution (Posada and Crandall, 1998) . Hoplobatrachus tigerinus was used as the outgroup in this analysis. Alignment data were also prepared for two additional mt genes and eight partitions of seven nuclear genes for the 25 Fejervarya representatives with clearly distinct haplotypes and the six other dicroglossids. For these genes, the alignments were revised by using GBlock 0.91b (Castresana, 2000) with the default settings to exclude gaps and ambiguous sites. One concatenated alignment for the three mt and seven nuclear genes (total 6364 bp) was prepared. Based on the concatenated data, phylogenetic analyses were performed by maximum-likelihood (ML) and maximum-parsimony (MP) with PAUP 4.10b (Swofford, 2002) . In addition, Bayesian inference (BI) analyses were performed with MrBayes ver. 3.0b4 (Huelsenbeck and Ronquist, 2001) . The partition homology test (Farris et al. 1995) rejected the concordance of nucleotide substitution patterns among three mt and seven nuclear genes. Therefore, the data set was treated as different partitions in the BI analyses. The analyses were performed by setting the number of Markov chain Monte Carlo (MCMC) generations at two million, setting the sampling frequency as 10, and discarding the first 200,000 generations. For the ML and BI analyses, best-fit substitution models were chosen by AIC as follows: GTR + I + G for the concatenated nuclear genes data (in ML); HKY for the Rhod partition; GTR for the Cytb, 16S, and 3' RAG-1 partitions; SYM for the Tyr partition; TIM for the 5' RAG-1 partition; and TrN for the 12S rRNA, BDNF, CXCR4, NCX1, and RAG-2 partitions (in BI). Two Occidozyga species were used as the outgroups in these analyses. The reliabilities of the resultant phylogenetic trees were evaluated with the bootstrap proportion (BP). Bootstrap values were calculated by analysis of 300 and 1000 pseudoreplicates in the ML and MP analyses, respectively. Statistical support for the resultant BI trees was determined with Bayesian posterior probability (BPP). Topologies of resultant trees and several alternative hypotheses were compared by resampling the sitewise log-likelihood (RELL), i.e., the Kishino-Hasegawa (KH; Kishino and Hasegawa, 1989 ) and ShimodairaHasegawa (SH; Shimodaira and Hasegawa, 1999) tests, using PAUP. RELL was conducted with 10,000 resamplings.
RESULTS AND DISCUS-SION
Cytb haplotypes and phylogeny of Fejervarya species based on mt gene data The nucleotide sequence of part of the Cytb gene (approx. 650 bp) was determined for the 67 Fejervarya specimens. Twentythree major haplotypes were observed among the resultant sequences. The NJ tree based on the Cytb data recovered 23 clades of these major haplotypes (Clades 1-23 in Fig. 2) . As in previous studies, the clades were divided largely into South-and Southeast-Asian groups (Kurabayashi et al., 2005; Sumida et al., 2007; Kotaki et al., 2008) . Among the 23 major haplotype groups, 14 clearly corresponded to nominal Fejervarya species (i.e., cancrivora, caperata, granosa, greenii, iskandari, kirtisinghei, kudremukhensis, limnocharis, mudduraja, orissaensis, pierreri, rufescence, sakishimaensis, and triora) . Five haplotypes from unidentified individuals (F. sp. hp2 from Thailand, F. sp. hp3 from Pilok in Thailand, F. sp. hp4 from Nepal, F. sp. hp5 from India, and F. sp. hp6 from the Andaman Islands) had no affinity to the haplotypes of the nominal species (Fig. 2) and no corresponding sequences in DNA databases (data not shown). The specimens of "F. cf. syhadrensis" showed two distinct haplotypes (Sri Lanka and Western Ghats, India). While both of the F. cf. syhadrensis haplotypes belonged to the South-Asian group, the Sri Lankan group had a close affinity to the F. granosa clade, and the Indian group was a sister group to the F. greenii + F. kirtisinghei clade. The F. multistriata specimens (from China and Taiwan) were included in the F. limnocharis clade (Clade 18 in Fig. 2) . In this analysis, we also included 14 other unidentified Fejervarya samples (two from Cambodia, three from Laos, six from Thailand, and three from Vietnam). The haplotypes from these samples were very similar to those of F. limnocharis, and they were embedded within the F. limnocharis clade in the NJ tree (Clade 18). Nucleotide sequence divergences for Cytb within the F. limnocharis clade (including F. multistriata haplo- types) were very low (1.0%), and this clade included the F. limnocharis specimens from the type locality (Java, Indonesia). On the other hand, the specimens from Japan (Hiroshima) and Taiwan (Green and Orchard Islands), traditionally regarded as F. limnocharis, comprised clades distinct from the F. limnocharis clade (Clades 15 and 17, respectively).
Based on the results of the Cytb haplotype analysis, we selected 25 Fejervarya individuals (23 major Cytb haplotype groups plus two F. multistriata) and the six other dicroglossids as the representatives of each haplotype group, and 12S and 16S were sequenced from these 31 frogs. Based on the combined mt gene data, we carried out MP, ML, and BI analyses. The resultant ML tree and nodal support values from these analyses (BPs and BPP) are shown in Supplemental Fig. S1 . The resultant trees had basically the same topology as the Cytb NJ tree, except for the positions of F. cf. syhadrensis and Limnonectes (the former was the sister group to Clade 9 + 10 in all analyses, and the latter grouped with Southeast-Asian Fejervarya in the MP and BI trees).
Phylogenetic relationships of Fejervarya taxa and closely related genera based on the concatenated data
To elucidate phylogenetic relationships in more detail at both the intra-and inter-generic levels, we additionally determined nucleotide sequences for eight parts of seven nuclear genes (BDNF, CXCR4, NCX1, the 5' and 3' portions of RAG-1, RAG-2, Rhod, and Tyr) from the above 25 Fejervarya representatives and six species in closely related genera (Table  1) . Based on the concatenated alignment (three mt genes and seven nuclear genes; total 6364 bp), we carried out MP, ML and BI analyses. Fig. 3 shows the resultant ML tree (with BP and BPP values for all analyses); the MP and BI analyses recovered the same topology.
In the concatenated tree, the interspecific relationships differed somewhat from those in the Cytb NJ tree. The incongru- ent relationships were as follows: the positions of F. kudremukhensis (1 in Fig. 3) , F. cf. syhadrensis from Karnool, India (2 in Fig. 3) , and the F. caperata + F. sp. hp4 clade (3 in Fig. 3 ) in the South-Asian group; and the placements of "F. limnocharis" from Orchard Island, Taiwan (4 in Fig. 3 ) and F. triora (5 in Fig. 3 ) in the South-Asian group. Although the nodal support values in the concatenated tree were far higher than those in the Cytb NJ tree, those of the incongruent nodes were not so high, with the exception of the position of F. triora (Fig. 3) . We tested these incongruent relationships between the Cytb and concatenated data using KH and SH tests. These tests rejected the position of F. triora suggested by the Cytb data (clade 18 + 19 in Fig. 2 ) (p > 0.05). The other four incongruent relationships, however, were not rejected.
According to Frost et al. (2006) , the genus Fejervarya may be a paraphyletic rather than monophyletic group with respect to some other dicroglossid genera (e.g., Euphlyctis, Hoplobatrachus, Nannophrys, and Sphaerotheca). Similarly, our concatenated analyses recovered a clade containing the Southeast-Asian Fejervarya group and another genus, Sphaerotheca (ML/MP BPs = 71/-; BPP = 100). Thus, our data suggest paraphyly for Fejervarya (Fig. 3) . The MP and BI trees from the mt gene data suggested paraphyly for this genus, but with an alternative topology (the Southeast-Asian group + Limnonectes). Our previous analyses also suggested paraphyly for this genus with yet other topologies (South-Asian Fejervarya + Hoplobatrachus by ML analysis based on the mt gene data, and South-Asian Fejervarya + Sphaerotheca by MP and BI analyses based on the nuclear gene data). We therefore tested the eight alternative topologies with three monophyletic, four paraphyletic, and one polyphyletic hypotheses for this genus by KH and SH tests based on the concatenated data (Table 3) . Five of the eight alternative topologies were rejected (p > 0.05), but three hypotheses were not rejected. These non-rejected hypothetical topologies were: 1) Southeast-Asian Fejervarya + Sphaerotheca (= Fig. 3) , 2) South-Asian Fejervarya + Sphaerotheca, and 3) monophyly of Fejervarya. Given the congruent results from both the mt and concatenated data and the high nodal support in the combined Between taxa reproductively isolated South and Southeast-Asian Clades Complete hybrid inviability 3.3-5.1% 6.6-9.1% 4.6-7.1% 6.7-8.5% 1.6-4.2% 6.3-10.0% (All F1 hybrids died at embryo stage) (4.3%) (7.6%) (5.4%) (7.7%) (2.8%) (8.0%)
Complete hybrid inviability 1.3-2.1% 2.1-4.2% 1.7-2.2% 1.7-2.9% 1.6-1.9% 2.3-3.5% (All F1 hybrids died at tadpole stage) (1.7%) (3.1%) (2.0%) (2.4%) (1.8%) (2.9%)
F. iskandari vs F. limnocharis
Partial hybrid inviability 1.1-2.4% 1.9-2.2% 1.1-1.5% 1.3-1.5% 1.6-1.9% 1.8-3.5% (Most of the F1 hybrids died during tadpole stage) (1.8%) (2.1%) (1.3%) (1.4%) (1.7%) (2.7%)
Partial hybrid inviability 0.9-1.1% 1.8-2.2% 0.8-0.9% 1.4% 1.0-1.9% 1.6-2.2% (Small degree abnormal spermatogenesis in F1 hybrids) (1.0%) (2.0%) (0.8%) (1.4%) (1.5%) (1.8%)
Between nominal species 1.0-4.9% 1.4-9.1% 1.3-7.1% 1.6-9.1% 0.7-4.2% 1.6-9.3% (2.9%) (5 analyses, our combined analyses well elucidated the intrageneric relationships of the genus Fejervarya in most cases. However, there remained four ambiguous intra-generic relationships that were not rejected by statistical tests. We also failed to elucidate the inter-generic relationships, although we condensed this problem to only three alternative hypotheses. In this study, we used relatively long sequence data from multiple loci. Thus, extensive taxon sampling and/or non-sequence-based approaches, i.e., cladistic analyses using retroposon loci (e.g., Okada et al., 2003) or mt gene order information (e.g., Kurabayashi et al., 2008) , might be effective in solving the remaining problems.
Taxonomic implications for the unidentified species found in this study
Based on the resultant trees (Figs. 2, 3 ), some taxa with problematic taxonomic affiliation were brought out (i.e., F. "limnocharis" from Taiwan and Japan, F. "multistriata", and F. cf. syhadrensis; see below). Species identification with nucleotide divergence data has been suggested as an effective procedure for extrapolating the detailed taxonomic status of these problematic taxa (e.g., Sumida et al., 2007; Djong et al., 2007b; Alam et al., 2008) . In anurans, 16S has been considered a usable marker for determining taxonomic affiliations and detecting unconfirmed candidate (i.e., cryptic) species. Data suggest that a 3% divergence in this gene is a species threshold in several different frog taxa (hylids from the Amazonia-Guianas region and all Malagasy frogs, including hyperoliids, microhylids, and mantellids) (Fouquet et al., 2007; Vieites et al., 2009 ). In our studies, the minimum 16S divergence among nominal Fejervarya species is roughly 3% (= 2.7% between F. limnocharis and F. sakishimaensis) (Table 4 ). This confirms the adequacy of this species threshold criterion in Fejervarya. We also compared the nucleotide divergences of the other genes among the nominal species and between taxa whose reproductive isolation had been confirmed by artificial crossing experiments (Table 4) . Genetic divergences were highly variable among genes, and the genetic divergence of each gene tended to be correlated with both the degree of reproductive isolation and relative phylogenetic positions in the resultant tree. Minimum divergence values occurred among sister nominal species for all genes (Table  4 ; Figs. 2, 3) , and four of these pairs were weakly reproductively isolated (for BDNF, NCX-1, RAG-2, and Tyr). These minimum divergence values reflected reproductive isolation levels and/or the resultant phylogeny, and can be regarded as species thresholds for this frog group. The unduly low minimum vales found for the nuclear genes (0.3% for BDNF to 1.6% for Tyr) are somewhat difficult to use as a basis for species definition. Moreover, few of the genes studied here (excluding 16S) have been examined to confirm their suitability for use in other frog taxa. Thus, we mainly used the minimum 16S divergence value (> 3%) to evaluate the taxonomic status of problematic taxa.
Fejervarya multistriata (Hallowell) 1861 is one of the problematic taxa. This species was described from Hong Kong, China. In this study, rather than using topotypic F. multistriata specimens, we used individuals from Hainan and Husa, China (approx. 400 and 1500 km from Hong Kong, respectively) and Taipei (mainland), regions from where the species has been reported (Frost, 2009) . The 16S sequence divergence between topotypic F. limnocharis and "F. multistriata" individuals was only 1.1%, which was much less than the proposed species threshold value (> 3%). Furthermore, in the concatenated tree (Fig. 3) , the topotypic F. limnocharis was nested in the "F. multistriata" clade (i.e., "F. multistriata" individuals were paraphyletic with respect to F. limnocharis). These results strongly suggest that the F. limnocharis and the "F. multistriata" specimens are conspecific. Djong et al. (2007b) contended that the name "F. multistriata" applies to the populations in China formerly referred to F. limnocharis. Our results may support this contention and may suggest that the name "F. multistriata" is a junior synonym of F. limnocharis.
"Fejervarya limnocharis" from the Japan mainland (Hiroshima) and eastern Taiwan (Orchard and Green Islands) populations has been problematic. Sumida et al. (2007) suggested that the Japan mainland populations be regarded as a species distinct from the real F. limnocharis. Matsui et al. (2007) pointed out that the eastern Taiwan (+ eastern China) populations are possibly conspecific with F. sakishimaensis. In this study, neither "F. limnocharis" specimens from the Japan mainland nor "F. limnocharis" specimens from eastern Taiwan formed a clade with the topotypic F. limnocharis. Furthermore, for many genes, including 16S (> 3%), the nucleotide divergences between the topotypic F. limnocharis and these specimens were equal to or higher than the minimum divergence values among nominal species (Table 4) . These results seem to indicate that both the Japan mainland and eastern Taiwan populations are species distinct from F. limnocharis, and they seem to support the view of Sumida et al. (2007) . The phylogenetic relationships we detected suggest that these populations have a close affinity with F. sakishimaensis. However, the 16S sequence divergences among these taxa were nearly equal to the species threshold values (3.3% between the Japan mainland and eastern Taiwan, 2.8% between the Japan mainland and F. sakishimaensis, and 2.7% between eastern Taiwan and F. sakishimaensis). Thus, two possibilities can now be considered for these taxa: 1) the Japan mainland and eastern Taiwan populations are conspecific with F. sakishimaensis (the assignment of Matsui et al. [2007] ), or 2) all three taxa are distinct species.
Fejervarya syhadrensis, a species characterized by small body size, relatively short legs, finger morphology, and the length of hindlimbs (see Kuramoto et al., 2007; Amphibia Web: http://amphibiaweb.org/), has been considered to have a relatively wide distribution range (from Pakistan to Bangladesh). In this study, we used F. syhadrensis-like specimens from two different populations (Sri Lanka and the Western Ghats, India). Based on the resultant phylogeny (Fig. 3) and the 16S sequence divergence between the populations (11.5%), the F. syhadrensis-like specimens from these populations are clearly distinct species.
The 16S sequence from our F. syhadrensis-like specimen from the Western Ghats failed to hit any of the other Fejervarya 16S data deposited in the DNA databases, while that of our Sri Lanka specimen was almost identical a sequence from "F. syhadrensis" from Sri Lanka (Accession No. AY141843). This Sri Lanka F. syhadrensis record is doubtful, as the distribution of F. syhadrensis in Sri Lanka is unclear (Frost, 2009 ). Furthermore, 18 other "F. syhadrensis" 16S sequences have been deposited in the DNA databases. Among them, five sequences were typical for F. caperata (AY882951, AY841752, AY882956, AY841755, and AY841753), while the other 13 showed intraspecific levels of nucleotide divergence compared to the sequences of our F. cf. syhadrensis and the above "F. syhadrensis" from Sri Lanka (mainly less than 2.0%, but 2.8% between AY84175 and AY841750, and 3.0% between AY84175 and the Sri Lanka samples). According to Frost (2009) , the type locality is the Poona district in India. Before analyzing the type specimen or topotypic specimens of F. syhadrensis, it is difficult to specify which data correspond to the real F. syhadrensis, or to assert that none of the previous data correspond to this species.
As in the case with F. syhadrensis, some F. cancrivora sequences in the DNA databases seem to be problematic. According to a recent study by Kurniawan et al. (2009) , "F. cancrivora" populations are morphologically (and ecologically) divided into three distinct groups (the large, mangrove, and Pelabuhan ratu/Sulawesi types); genetic divergences among these groups clearly correspond to the level of distinct species, and the large type corresponds to topotypic F. cancrivora. The F. cancrivora specimen we included corresponds to the large type and thus can be regarded as real F. cancrivora.
Several unidentified Fejervarya samples (F. sp. hp2-hp6; only tissue samples were available) were included in this study. None of the nucleotide sequences from these samples hit any sequences from other Fejervarya species deposited in the DNA databases. One unidentified sample (F. sp. hp4) was from Nepal, a region where four Fejervarya species have been reported (Schleich and Kästle, 2002) . One of these four species is F. pierreri as used in this study, and the other three are F. nepalensis, F. syhadrensis, and F. teraiensis. The F. sp. hp4 specimen may correspond to one of the latter three species. Two of the unidentified haplotype groups (F. sp. hp2 and hp3) found in this study were from Thailand. According to our previous studies Kotaki et al., 2008) , F. sp. hp3 from Pilok, Thailand may be an undescribed species, and F. sp. hp2 may be the same species as F. orissaensis or an undescribed species. On the Andaman Islands, only two Fejervarya species (F. andamanensis and F. cancrivora) have been found (Frost, 2009) , and in the current study we used the real F. cancrivora. Thus, one unidentified sample, F. sp. hp6 from Andaman Island, India, might correspond to F. andamanensis.
CONCLUSION
Our phylogenetic trees are the most comprehensive to date for Fejervarya species. They provide relatively highresolution of interspecific relationships and support paraphyly for this genus. Yet despite the relatively abundant molecular data used in this study, several incongruent or ambiguous relationships remain in these trees. To solve these problems, further taxon sampling or a novel approach using different types of molecular makers (e.g., mt gene arrangement or SINEs) will be necessary. We also confirmed the utility of the molecular data, especially 16S sequences, for species definition. The sequence data provided here are likely to serve as a useful guide for elucidating the taxonomic problems in this frog taxon.
